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SOME DECEI.8RA.TION TRANSMISSION CWCTERISTICS OF NYLON AND DACRON 

RASCHEL NETTING AlVD S O W  LOOP FABRIC UNDER IMPACT DECELERATIONS, 

AT IMPACT VELOCITIES OF 13.9 and 30 FEXT PER SECOND 

Douglas J. Geier, Thomas R. Turner and Walter D. Salyer 

To determine the  f e a s i b i l i t y  of net t ing type f ab r i c s  t o  be used 
a s  crew couches under impact decelerat ions,  drop tower t e s t s  have been 
conducted on couches fabr ica ted from Nylon and Dacron Raschel ne t t ing  
and Somyk Loop fabr ic .  Control data was gathered by t es t ing ,  t o  com- 
parable g l eve l s ,  a Mercury type to r so  support. An anthropometric 
dummy was used a s  a couch occupant. 

The tower carriage,  couch and dummy assembly was dropped onto alu- 
minum honeycomb which absorbed the  energy. Energy inputs were varied 
by varying drop heights. Induced forces  were changed by varying the  
cross-sectional  area  of the  honeycomb. Transverse decelerat ions were 
recorded and measured a t  t he  carr iage  impact surface, approximate center  
of gravi ty  of t he  couch frame, dummy chest,  and dummy head. 

A t o t a l  of 60 drop t e s t s  were conducted during t h i s  program and 
a representa t ive  sampling of t he  data i s  presented i n  t h i s  report .  

Inspection of t he  data  indicates  t h a t  Somyk f ab r i c  demonstrates 
t h e  capab i l i ty  of a t tenuat ing the  impact forces  by mechanical f r i c t i o n  
and/or permanent elongation of t he  fabr ic .  This elongation, with mini- 
mal e l a s t i c  re turn ,  i s  caused by molecular realinement within the  f ibe rs .  
Through t he  proper design of Somyk fabr ic  f o r  the  mss d i s t r i bu t i on  of 
t he  human body, the  t-elocity and energy induced by landing loads could 
be diss ipated by uniform displacement of t he  human body a s  required t o  
keep the  acce le ra t ive  forces  within ex i s t ing  human to lerance l i m i t s .  



SYMBOLS AND ABBREVIATIONS 

- Decelerative force a 

DRF - Dynamic Response Fa,ctor between carriage impact 
surface loads and loads measured on dummy - 

"Eye-Balls-In" - Decelera.tion direction proceeding from chest 
to back caused by a force vector from back to 
chest 

"Eye-Balls-Out1' - Deceleration direction proceeding from back to 
chest caused by a force vector from chest to 
back 

FIN. 

G 

- Measurement after drop was completed (inches) 

- Ratio of decelerative force to the acceleration 
of gravity - G = a/32.2 

- Average or plateau measurement of recorded 
decelerations of carriage impact surface 

- Deceleration Onset Rate or Force Application 
Rate is the rate at which the force is applied 
to the couch occupant 
GOB = GPA/Rise Time = GpC/Rise Time (G1s/sec) 

G~~ - Peak decelerations recorded on dummies chest 

G~~ - Peak decelerations recorded on dummies head 

High Znergy Drop - 30 ft/sec impact velocity 

TNI. - Initial measurement before drop (inches) 

Low Energy Drop - 13.9 ft/sec impact velocity 
PER. - Permanent stretch or elongation of net fabrics 

(inches) 

Rise Time - Time from when G-t curve leaves zero and reaches 
the maximum point (seconds) 

t - Time (seconds) 



Present body support systems such as used in conventional aircraft 
are impra,ctical for spacecraft because of weight and comfort consider- 
ations, and are not designed for proper load distribution for the high 
accelerations of boost or reentry. In recent years, advances in body 
support systems that provide the proper load distribution to the seat 
occupant have been m d e  and are incorporated in the Mercury couch con- 
cept, which is an individual contoured solid body support. However, 
this concept is still basically heavy, cunibersome, and uncomfortable. 
For these reasons a body support study and development program was 
initiated by the Crew Systems Division. The design objectives of this 
development program are a body support and restraint system that pro- 
vides a universal fit, and is lightweight, economical, energy absorbent, 
adjustable and stowable. 

An investigation and evaluation of existing support systems was 
made. As a result of this evaluation, the net support concept was se- 
lected for development because it demonstrated the best possibility of 
providing the previously mentioned design objectives. The first phase 
of development reported herein concerns fabric tests for determination 
of the near-optimum net type fabric to be used. Fabric materials se- 
lected to be tested were Kylon and Dacron Raschel netting, because of 
the strength properties of these materials, and Somyk loop netting, 
because of its load attenuation capability. 

Full body supports using the above-mentioned netting type fabrics, 
and couch frameworks were designed and constructed. Drop tower tests 
were conducted with impact velocities of 13.9 ft/sec and 30 ft/sec. 
Various deceleration forces were simulated by varying the cross-sectional 
area of the aluminum honeycomb, used as an energy absorber at the impact 
surface of the dropping carriage. Transverse decelerations were measured 
at the tower carriage impact surface and at the approximate center of 
gravity of the couch frame, the dummy head, and. the dumw- chest. Motion 
pictures of the test speciman at impact were taken at 400 frames per 
second for each drop. 

TEST EQUIPMENT 

The general arrangement of the lower impact portion of the drop 
tower facility is shown in figure 1. The drop tower has the capability 
of e maximum impact velocity of 36 ft/sec and carriage induced loads of 
60 to llOgfs, dependent on pay-load weight. These conditions are simu- 

lated using 1-3003-. 00lN aluminum honeycomb for energy absorption. 4 



To measure t h e  dynamic fo rces  from t h e  onse t  o i  irnpacs u n t i l  sho r t -  
l y  a f t e r  impact, C.E.C, accelerometers  of t h e  Four-Active A r m  S t r e i n  Gage 
type  a r e  used. These accelerometers  were used i n  conjunct ion w i t h  v ide-  
band and/or c a r r i e r  a m p l i f i e r s .  The outputs  of t hese  a m p l i f i e r s  a r e  
passed through low-pass f i l t e r s  t o  l i m i t  t h e  frequency response t o  
130 cps a s  determined by pre l iminary  t e s t s  t o  be  a p r a c t i c a l  cu to f f  
po in t .  The wave forms were then  recorded using C.E.C. Type 5-114 o s c i l l o -  
graphs. 

The n e t  couch framework which was used dur ing  t h e s e  t e s t s  is i n d i -  

c a t e d  i n  f i g u r e  2. This  framework was cons t ruc ted  from ' 0. D. X 0.12  4p 
W a l l ,  4130 s t e e l  tubing,  h e a t  t r e a t e d  t o  a Rockwell C-42 condit ion,  t o  
wi ths tand  t h e  s t r e s s e s  induced from a lOOg d e c e l e r a t i v e  impact, 

The p a r t i c u l a r  k n i t t i n g  p a t t e r n s  used i n  k n i t t i n g  t h e  n e t  fa ,br ic  
used throughout t hese  t e s t s  is i n d i c a t e d  i n  f i g u r e s  3a, and 3b. Nylon 
and Dacron Raschel n e t  was k n i t t e d  t o  t h e  s p e c i f i c a t i o n s  of Mil. Spec. 
No. C-8061 (US@). The Somyk f a b r i c  w a s  k n i t t e d  i n  a l oop  p a t t e r n  de- 
s igned  t o  d i s t r i b u t e  t h e  non-uniform l o a d  and produce permanent s t r e t c h -  
i n g  of t h e  ma te r i a l  wi th  r e s u l t i n g  l o a d  a t t e n u a t i o n  s t a r t i n g  a t  approxi-  
mately t h e  12-16~ l e v e l .  

The anthropometr ic  dummy used during t h e s e  t e s t s  r e s t i n g  upon t h r e e  
d i f f e r ~ n t  types  of Somyk t o r s o  suppor ts  i s  s h o ~ m  i n  f i g u r e s  ha, 4b, and 
4c. A t o r s o  and head support  made w i t h  4 inches of Somyk f a b r i c  on each 
s i d e  of t h e  head i s  i n d i c a t e d  i n  f i g u r e  ha. The middle po r t ion  of t h e  
support  was composed of Nylon Raschel ne t .  To reduce t h e  neck snap 
found t o  e x i s t  i n  t h i s  support,  a n  a d d i t i o n a l  amount of Somyk f a b r i c  was 
added a t  t h e  head po r t ion  of t h e  t o r s o  and head support  2,s shown i n  
f i g u r e  4b. A t o t a l  Somyk f a b r i c  body support i s  ind ica t ed  i n  f i g u r e  4c. 
The l e g  and t h i g h  suppor ts  used wi th  a l l  of t h e s e  body suppor ts  were 
composed of 4 inches of Somy-k f a b r i c  a t t a c h e d  a t  each s i d e  of t h e  Xylon 
Raschel net-frame. The t h r e e  body support types  i n d i c a t e d  i n  f i g u r e s  4a, 
4b, and 4c w i l l  be  r e f e r r e d  t o  subsequent ly a s  Somyk 1, 2, and 3, r e -  
spec t ive ly .  The Somyk fa 'br ic  used i n  these  t e s t s  was k n i t t e d  i n  t h r e e  
v a r i a t i o n s  of s t r e n g t h  and w a s  assembled dependent upon t h e  weights of 
t h e  head and neck, t o r s o  and but tocks,  and t h i g h s  and l e g s .  It i s  under- 
s tood  tha.t when inducing energy absorp t ion  by t h e  permanent s t r e t c h  of 
Somy-k loop  f a b r i c ,  a one-shot type  body support i s  introduced,  b u t  t h e  
u s e  of t h i s  type  support would s t i l l  meet all t h e  design objectives 
mentioned previously.  

Motton p i c t u r e s  were taken  wlth a W i k e n  camera a t  400 frames/ 
second of a l l  drops, 



The general assembly employed throughout t h i s  t e s t  program I s  shown 
i n  f igure  5. 

Rett ing type body supports were laced t o  a tubular  framework, and 
t h e  couch-dummy assembly was at tached t o  the  tower carriage. 

TEST PROCEDmS 

Throughout a l l  t he  drops with body supports kn i t t ed  from Nylon and 
Dacron Raschel nett ing,  the re  were decelerations of approximately 4, 6, 
8, 10, and 12g f s  induced a t  the  impact surface. During the  drops 
when Somyk loop net t ing was used, t h e  induced forces  were 4, 8, 12, 16, 
and 30gfs .  This change i n  induced forces was made t o  obtain higher loads 
a t  the impact surface t o  determine the  a t tenuat ion capabi l i ty  o f ,  Somyk 
fa'bric. When the  low energy drops were completed t he  impact ve loc i ty  
was increased from 13.9 f t / s ec  t o  30 f t / sec .  This increase i n  impact 
ve loc i ty  increased t he  energy l e v e l  by approximately a fac tor  of 4. 

During t h e  low energy Dacmn and Nylon Raschel drops t he  dummy w a s  
r es t ra ined  a s  shown i n  f igure  6a. This type zipper r e s t r a i n t  was a,c- 
complished by sewing zippers d i r e c t l y  on the  net  and sewing t h e  m t i n g  
s ide  of t h e  zippers t o  a pa i r  of f l i g h t  coveralls. 

Then Somyk mater ia l  was used, the  r e s t r a i n t  system shown i n  
f igures  4a, 4b, and kc was chosen. This system was used t o  preclude 
fabr ic  rupture from the  metal zipper during permanent elongation of the  
Somyk fabr ic ,  A 500 pound t e s t  Nylon cord was used and was t i e d  t o  t he  
ne t  a t  the  high and low points where t he  zipper was used on previous 
drops. For t h e  greater  ve loc i ty  high energy drops, t he  r e s t r a i n t  system 
shown i n  f igure  6b was used. 

The general setup and r e s t r a i n t  system used t o  t e s t  t he  Mercury 
torso support i s  shown i n  f igure  6c,  his system consis ts  of high 
s t rength Nylon webbing chest and l a p  strap,  with t he  f e e t  t i e d  t o  the  
wooden framework with 500 pound t e s t  Nylon cord. 

Ver t ical  accelerations were recorded a t  the  four  locat ions  a s  
previously mentioned, permanent body splacement measurements were 
taken when t e s t i n g  Somyk f ab r i c  and a r e  presented i n  t ab l e  J j  dynamic 
response fac tors  were calculated between the  impact surface, dummy head, 
and chest a r e  shown fn t ab l e  11. Force appl lcat ion r a t e s  between t he  
dummy and the  various net  supports were calculated and a r e  presented i n  
t ab le  111, 



PRESENTATION AND DISCUSSION OF DATA 

Comparisons of impact loads measured on a dummy's head and chest 
when using Nylon, Dacron, and Somyk-3 net type body supports under low 
and high energy inputs and different induced loads, are presented in 
figures 7 to 10. It can be seen from an inspection of figure 7a that 
the Dacron material produces approximately 40 percent higher "Eye-Ball- 
In" decelerations and faster force application rates on the dummy's 
head than either Nylon or Somyk-3 material. Although the "Eye-Balls-Out" 
accelerations of the dummy's head when using Dacron material is 50 per- 
cent less than with Nylon material, it is also 80 percent more with 
Somyk-3 fabric. Figure 8b presents the impact loadtime analysis curves 
measured in the dummy's chest. The significant point here is that when 
using a Somyk-3 body support, the "Eye-Balls-In" acceleration trans- 
mitted to the dummy is an average of 8 percent lower than with the Nylon 
and Dacron material. 

Figure 8 presents the same type of analysis as figure 7 when using 
the three different configurations of Somyk body supports, shown in 
figures ha, 4b, and 4c. The acceleration portion of the figure shows 
that Somyk-3 imparts 28 percent less "Eye-Balls-In" decelerations than 
Somyk-1, and 26 percent less than Somyk-2. The total duration of the 
"Eye-Balls-Gut" accelerations caused by rebound above the original 
position is minimal when using Somyk-3. 

Figure 8b shows generally the same type of analysis of the dummy's 
chest measurements with much lower magnitudes in difference between 
Somyk fabric configurations. 

The impact loads imparted to the dummyrs head by the various net 
body supports under high energy and high induced load conditions are 
presented in figures 9 and 10. There are no chest loads presented 
because during these tests the dummy's buttocks was seen to bottom onto 
the couch frame structure, therefore, affecting the chest accelerometer 
and causing very high accelerations to be recorded. 

Figure 9 shows the same "Eye-Balls-In" accelerations imparted to 
the dummy's head by both Nylon Raschel and Somyk-3 fabrics. The du- 
ration of total acceleration is longer when using Somyk-3. 

Figure 10 provides coqrison of impact loads imparted to the 
dummy's head by the three configurations of Somyk fabric. Although 
here it can be seen that Somyk-3 imparts approxFmately 10 percent more 
acceleration to the dummy's head, it is of a lower rate and a short time 
duration longer, 



Figure 11 presents a comparison of acceleration time curves re- 
corded at the four accelerometer locations for the various induced loads 
during the low energy drop tests using Nylon Raschel body supports. An 
a,nalysis of these figures show that regardless of induced loads, to the 
maximum of these tests, Nylon Raschel net imparts approximately 16g's 
to the head and chest. In all cases the head accelerations rapidly 
change from 16g "Eye-E;all~-In'~ to 8g "Eye Balls Out". This re- 
versa,l of acceleration is caused by rebound from maximum displacement 
above dummies ' (original) head position. This rapid reversal of posi- 
tion caused by the reversal snaps the neck and would probably result in 
injury to an occupant's neck and head. 

Comparisons of impact loads measured on a dumqyls chest and head at 
various induced loads during the low energy drop test using Dacron 
Raschel material for the body support are presented in figure 12. A 
comparison of these figures again shows that regardless of induced 
forces, to the extent covered in this test program, Dacron naaterial in- 
duces about the same forces to the dummy's chest as Nylon Raschel and 
imparts approximately 40 percent more accelerations to the head than 
Nylon Raschel net. Although the "Eye-Balls-Out" accelerations caused 
by rebound above the dummiesr original position is approximately 25 per- 
cent less than those produced by Nylon Raschel, these "Eye-hlls-Out1' 
accelerations result in a neck snapping problem. The larger "Eye-Balls- 
in" accelerations are due to Dacron material not elastically stretching 
as far as Nylon. The lower "Eye-Balls-Out" accelerations are probably 
caused by Dacron material taking a permanent set or reaching its elas- 
tic limit faster than Nylon. Figure 13 presents acceleration-time 
histories measured at various induced loads when using Somyk-1 as a 
body support. From an inspection of these figures, it can be seen that 
the loads imparted to the d m  are dependent upon the induced loads. 
Up to 1.6~, the loads transmitted to the dummy increase as the induced 
load increases, at this point the imparted load remains the same or 
less. At a 30g induced load, (fig. 13e), the head and chest accel- 
erations were recorded at approximately 16gfs, a reduction of 40 per- 
cent with the Somyk-1 body support. Acceleration-time histories meas- 
ured at the four accelerometer locations under various induced loads 
using Somyk-2 net body support are shown in figure 14. A comparison 
of the curves for Somyk-2 show the same typical trend as Somyk-1 except 
the imparted accelerations to the head and chest are 5 to 10 percent 
lower with Somyk-2. 

Figure 15 presents acceleration-time curves measured at various 
accelerometer locations using Somyk-3 as a body support. An inspection 
of these curves indicate that when using Somyk-j, as a body support, there 
is a large similarity between the head and chest curves. Usually the 
two cvrves are shifted, but the peak and duration of accelerations are 



generally the sairle, The head and chest curves show a, ';?cry limited a l - r , c ~ ~ t  
of "Eye-Balls-Out" acceleration caused by rebound above the original 
position. With the use of Somyk-1 and Somyk-2, these "Eye-Balls-Out" 
accelerations are produced in the head. The "Eye-Balls-Out1' accelerations 
and the similarity of the head and chest curves show that Somyk-3 net 
fabric limits rebound above the original position and reduces the neck 
snap to a tolerable amount. The curves also show a tendency for 5 to 
10 percent less load being imparted to the d m y ,  up to 16g induced 
load, than with the use of either Somyk-1 or Somyk-2 fabrics. The 
30g induced load drop (fig. 16e) shows the same trend (40 percent 
reduction of g), as Somyk-1 and Somyk-2. Although Somyk-3 does not 
show a sizable reduction of imparted g's over and above Somyk-1 and 
Somk-2, it shovld be pointed out that the same load was applied to all 
three Somyk nets and the area attenuating the load was larger with the 
Somyk-3 fabric. If the load-Somyk area-ratio was the same for all three 
configurations, there would be quite an improvement in load zttenuation 
of Somyk-3. 

Figure 16 presents acceleration-time histories measured at various 
accelerometer locations using Somyk-1, Somyk-2, Somyk-3, and Nylon Raschel 
body supports with approximately 20gfs induced at the impact surface 
of the carriage and an impact velocity of 30 ft/sec. The chest curves 
in these figures go off scale at the top of the page because of the 
buttocks bottoming onto the couch frame structure. This bottoming 
would affect the chest accelerometer. Inspection of these figures 
shows very little difference between Somyk-1, Somyk-2, and Somyk-3. 
Somy-k-3 tends to enlarge the duration of total accelerations. Again, 
it is felt that if the induced load-Somyk area-ratio were the same, 
Sorqyk-3 would have shown at least a 50 percent load attenuation factor. 
A comparison between figures 16a, 16b, 16c, and 16d indicate that with 
Nylon Raschel net, a faster loading action is taking place, this causing 
more rebound above the original position and more violent neck snapping. 

Acceleration-time histories measured on an anthropometric dummy 
when using a Mercury type torso support are presented on figures 17 and 
18. An inspection of these figures show that this type of body support 
has no "built-in" attenuation capability. The response of the dummy 
shows an increase of 100 to 300 percent in g over the inputs to the 
carriage. A rapid and continued reversal in measured accelerations 
also occurs. The amount and rapidity of this reversal is dependent on 
the induced loads on the tower carriage. 

Somyk fabric permanent stretch is shorn in figure 19 and tabulated 
in table I. From an inspection of the photographs in figure 19, it can 
be seen that Somyk-1 and Somyk-2 have a capability of stretching under 
dynamic loading and absorbing energy. Again, because of the load-Somyk 



area-ra tes ,  no permanent s t r e t c h  except under the head was observed, 
although permanent t ightening of t he  kn i t t i ng  p t t e r n  occurred. Table I 
shows p e m n e n t  s t r e t c h  of 1 .25 and 3.25 inches under various pa r t s  of 
t he  body. 

Comparison of t he  Dynamics Response Factors between t he  loads in-  
duced a t  t he  impact surface of t h e  carriage and those  imparted t o  the  
dummy by t he  d i f f e r en t  ne t  mater ia ls  i s  presented i n  f igure  20 and 
t a b l e  11. In  t a b l e  I1 it can be seen t h a t  with a l l  ne t  materials  tes ted ,  
t h e  dynamic response f ac to r  decreases a,s the  induced load increases. 
Inspection of t ab l e  I1 shows t h a t  Nylon net t ing produces dynamic response 
from 4.17 t o  1.38 on t h e  dummy's head and 4.05 t o  1.59 i n  the  chest  area;  
Dacron mater ia l  produces f a c to r s  of 3.67 t o  2.14 on t he  head and 2.66 t o  
1.58 i n  t he  chest area; Somyk-1 fac to rs  a r e  1 -53  t o  0.61 i n  the  head a rea  
and 2.1 t o  0.63 i n  t h e  chest  area; Somyk-2 rac to rs  a r e  2.12 t o  0.57 on 
t he  head and 1.8 t o  0.56 i n  the  chest area; Somyk-3 response fac to rs  a r e  
2.0 t o  0.64 i n  the  head and 2.13 t o  0.59 i n  the  chest area. Any dynamic 
response fa.ctors below 1 ind ica tes  the  ne t  mater ia l  i s  demonstrating load 
a t tenuat ion and energy absorption. The calcula ted f ac to r s  show tha t  a l l  
Somyk f ab r i c  configurations provide load a t tenuat ion of t he  mgnitude of 
40 t o  50 percent with higher induced loads. Nylon and Dacron ne t  ma,- 
t e r i a l  increase t he  loads imparted t o  the  dummy from 300 t o  400 percent. 
For low impact forces,  all Somyk fabr ic  configurations tend t o  increase 
t he  loads s l igh t ly .  This increase i n  dummy response over and above t h e  
low input loads occurs because t he  Somyk fabr ic  i s  designed not t o  y i e ld  
u n t i l  a f t e r  an input of 12 t o  16 g ' s  i s  reached. 

The appl ica t ion r a t e s  of forces  imparted t o  t he  dummies' head and 
chest  by t he  various mater ia ls  i s  presented i n  t a b l e  111. These appl i -  
ca t ion r a t e s  were calcula ted by using peak g and r i s e  time. It can 
be seen from t a b l e  I11 t h a t  Dacron ne t  imparts t he  highest  appl ica t ion 
r a t e s  of t he  th ree  materials.  The Somyk configurations general ly  i m p r t  
t h e  lowest appl ica t ion ra tes .  The appl ica t ion r a t e s  with a l l  mater ia ls  
usual ly  tend t o  increase t o  the  point t h a t  p e m n e n t  s t r e t c h  begins, 
then f a l l  off  u n t i l  the  maximum permanent s t r e t c h  i s  reached. 

Studies ( r e f .  1 and 2) have been mde  by t he  Aeronautical Systems 
Division, Wright-Patterson A i r  Force Base on the comfort and sustained 
a,ccelera,tion proper t ies  of t h e  net  s ea t  concept. Both of these  s tudies  
indicate  t h a t  t h e  net  s ea t  concept of body supPo& is  very f ea s ib l e  
considering the  above-mentioned areas. 



To determine the feasibility of netting type fabrics for use as 
crew couches under impact type accelerations, drop tests were conducted 
using couches fabricated from Nylon Raschel net, Dacron Raschel net, and 
Somyk loop fabric. Because of the previous knowledge of the rebound and 
neck snapping problems of Nylon and Dacron Raschel netting, these tests 
were slanted toward the determination of the feasibility of Somyk loop 
fabric to reduce and/or eliminate these problems. Tests conducted with 
a Mercury torso support were used as control data. 

The drop test and data analysis have demonstrated that Somyk-3 
(tota,l body support fabricated from Somyk cord) will limit the rebound 
above the couch occupants original position, provide the capability to 
allow the head and torso to travel into the net in the same plane (which 
minimizes the neck snapping problem) and attenuate the impact loads and 
absorb energy by permanent elongation and mechanical friction. 

Somyk-3 fabric could fulfill the previously mentioned designed 
objectives, with proper design of couch framework. Based on this study, 
the development of a universal, energy-absorbing, net couch and restraint 
system using Somyk-3 type fabric is being continued. A torso support 
capable of being used in the Mercury spacecraft is under development 
and will be reported on in a separate working paper. 
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TABLE I.- PERMANEXT STF3TCH OF S O W  FABRIC 

Icl6 

Low Energy Drop High Energy Drop 

INI. 

22.5 

21.5 

21.5 

21.75 

20.88 

21.5 

21.5 

Lei3 

FIN. 

22.5 

21.0 

20.25 

20.5 

20.0 

20.75 

20.75 

PER. 



T-ABiE 11. - DYNAMTC RESPONSE FACTORS BFTWEEN CARRIAGE DPACT SURFACE AND DUMMY 



T B L E  11.- DYNAMIC RESPONSE FACTORS BETWEEN CARRIAGE IMPACT SURFACE AND DUMMY - Concluded 



111. - FORCE APPLICATION RATE BETIWEEN DUMMY AND VARIOUS NET MATEXIALS 



TABLE 111. - FORCE P9PLICATION RATE BELWElT DUMMY AND VARIOUS NET MAl3RULS - Concluded 



Figure tower facility 



Figure 2.-  Net couch frame. 





(b) Somyk 

Figure 3. - Concluded. 



(a) Somyk type 1 

Figure 4, - Three types Somyk torso supports. 



( b )  Somyk type  2 

Figure 4. - Continued. 



Figure 4. - Concluded. 





(a) Low energy drop 

Figure 6. - Restraint system. 



( b )  High energy b o p  

Figure 6. - Continued. 



(c) Mercury torso drops 

Figure 6. - Concluded, 



Figure 7 , -  Comparison of t h e  impact loads measured on an anthropometric 
dummy using variou-s ne t t ing  type body supports.  V = 13.9 f t / s e c ,  
G = 12. 
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(b) Chest 

Figure 7. - Concluded. 
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(a)  Head 

Figure 8.- Comparison of t he  impact loads measured on an anthropometric 
dummy using various ne t t ing  type body supports. V = 13.9 f t / sec ,  
G = 12. 
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(b) Chest 

Figure 8. - Concluded. 
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Figure 9.- Comparison of the impact loads measured on an anthropometric 
dummy using various netting type body supports. V = 30 ftlsec, 
G = 20. (~ead) 
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Figure 10.- Comparison of the  impact loads measured on an  anthropometric 
dummy using various ne t t ing  type body supports, V -- 30 f t / sec ,  
G = 20, ( ~ e a d ) .  
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(a) Induced load 4~ 

Figure 11.- Acceleration-time histories measured on an anthropometric 
d m y  using nylon raschel net type body support under various 
induced loads, V. = 13.9 ft/sec, 

1 



Time, sec 

( b )  Induced load 6~ 

Figure 11. - Continued. 
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(c ) Induced load 8G 

Figure 11, -. Continued, 



Time, see 

(d) Induced load 10G 

Figure 11. - Continued, 



( e )  Induced load 1 2 G  

Figure 11. - Concluded. 



(a) Induced load 4~ 

Figure 12.- Acceleration-time histories measured on an anthropometric 
dummy using daeron raschel net ty-pe body support under various 
induced loads. Vi = 1Se9 ft/sec. 



(b) Induced load 6~ 

Figure 12.- Continued. 



(c ) Induced load 8~ 

Plgure 12. - Continued, 



(d )  Induced load 10G 

Figure 12. - Continued. 



( e )  Induced load 12G 

Figure 12, - Concluded. 



( a )  Induced load 4~ 

Figure 13.- Acceleration-time h i s to r i e s  measured on an anthropometric 
dummy using Somyk type I ne t  type body support under various 
inauced loads. Vi - 13.9 f t / sec .  



(b) Induced load  8~ 

Figure 13, - Continued. 



( c )  Induced load 12G 

Figure 13. - Continued. 



(d)  Induced load 1 6 ~  

Figure 13, - Continued, 



( e )  Induced load 3% 

Figure 13. - Concluc%ed. 



( a )  Induced load 8 G  

Figure 14,-  Acceleration-time h i s to r i e s  measured on an anthropometric 
dummy using Somyk type 2 net  type body support under various 
induced Loads. V .  = 13.9 f t f sec ,  

1 



(b) Induced load 12G 

Figure 1.4, - Continued, 



(c ) Induced load 1 6 ~  

Figure 14. - Continued, 



(d)  Induced load 30G 

Figure 14, - Concluded, 



(a) Induced load 4~ 

Figure 15.- Acceleration-time histories measured on an anthropometric 
dummy using Somyk type 3 net type body support under various 
induced loads. T i i  - 13.9 ft/sec. 



( b )  Induced load 8 G  

Figure 15. - Continued, 



( c )  Induced load 12G 

Figure 15, - Continued. 



(d)  Induced load 1 6 ~  

Figure 15, - Continued. 



(e )  Induced load 30G 

Figure 15, - Continued, 



( a )  Somyk type 1 

Figure 1.6,- Acceleration-time h i s t o r i e s  measured on an anthropometric 
dwnmy using various ne t  type body support. V .  = 30 f t / sec ,  G = 20G, 
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(b) Somyk type 2 

Figure 16. - Continued, 



(4 Somy-k type 3 

Figure 16, - Continued., 



(d)  Nylon Raschel 

Figure 16, - Concluded, 



Tlnrc, arc 

( a )  Induced load 4~ 

Figure 17.- Acceleration-time h i s t o r i e s  measured on an  anthropometric 
dummy using a Mercury type couch under various induced loads. 
vi = 13.9 f t / s e c .  



(b) Induced load 8G 

Figure 17, - Continued. 



( c  ) Induced load 12G 

Figure 17. - Continued, 



( d )  Induced load 1 6 ~  

Figure 17. - Continued. 



Time, see 

(e) 1nd.uced load 30G 

Figure 17. - Concluded, 
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Figure 18.- Acceleration-time history measured on an anthropometric 
dummy using a Mercury type seat under an induced load of 20G and 
V. = 30 ft/sec. 
1 



Before  drop 

After  drop 

( a )  Somylc 1 

Figure 19,- Before and a f t e r  photographs showing 
permanent s t r e t c h i n g  of  Somyk f a b r i c .  



A f t e r  d r o p  

(b) Somyk 2 

Figure 19. - Continued. 

B e f o r e  d r o p  



Before drop 

Af te r  drop 

(4 Sowk 3 

Figure 19. - Concluded. 



Figure  20.- Comparison of t h e  dynamic response fa ,ctors  between 
impact su r f ace  and dummy using var ious  n e t  type  body suppor ts .  




